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SUMMARY

This report covers the period from October 30, 1981, to March 31,

1982, of the Manufacturing Methods and Technology (MM&T) Program

for Ruggedized Tactical Fiber Optic Cable.

During this time frame the low temperature impact on cabled fibers

was studied. The 12 confirmatory sample cables were completed and

shipped. A program was initiated to study the effects of low tem-

perature on various coatings of fibers.

21708a i



PREFACE

The purpose of this MM&T program is to establish automated produc-

tion processes for ruggedized tactical fiber optic cables in

accordance with specification MM&T-789898 dated 2 February 1978,

with Revision 1 dated 1 August 1980, and ECIPPR 15.

21708M iii
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1.0 FABRICATION OF CONFIRMATORY SAMPLE CABLES

During this reporting period the fabrication of the 12 confirma-

tory sample cables using fibers evaluated in 1100 m increments

were completed. The fibers used in this phase were obtained from

standard production with high numerical aperatures (NA) (approxi-

mately 0.25).

The 12 confirmatory samples were optically, mechanically and envi-

ronmentally tested in accordance with MM&T Preproduction Test Pro-

cedure for Ruggedized Tactical Fiber Optic Cable, ITT Document

Identification Number 80-29-09, Revision III. The results of

optical, environmental, and mechanical tests performed on confir-

matory cables are listed in Appendixes.

All 12 confirmatory sample cables that were optically, mechani-

cally, and environmentally tested pass all specifications except

the low temperature impact and the low temperature attenuation.

These problems are addressed in paragraph 1.1 and Section 2.0 of

this report.

1.1 Low Temperature Study

CECOM and ITT representatives met on 19 February 1982 to review

the low temperature performance evaluation of ITT Hytrel ® , Nylon

11 and Nylon 12 coated fibers as well as low temperature results

achieved with two process cables. CECOM representatives agreed to

21 708a
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allow more time to address the low temperature attenuation

increase.

A meeting is scheduled by mid-May between ITT and CECOM to discuss

the results of the effort and to reach an agreement on pilot run

specifications and schedule.

The MM&T cable program is currently on hold awaiting the results

of the low temperature performance evaluation. Hytrel® and Nylon

12 coated fibers jacketed with 1/2 mm and 1 mm outside diameter

(od) in the case of Hytrel® and 1 mm od for Nylon will be produced

and tested for this study. These fibers will be tested at room

temperature, -350, -450, and -55 0 C on tension released spools.

The purpose for the use of tension release spools is to lessen the

effect of spooling tension on the fiber allowing measurement of

the intrinsic characteristics of the fiber. After meeting speci-

fications, these fibers will be incorporated into cables having

KevlarO or rigid center members. These cables will be subjected

to optical, mechanical, and low temperature testing in accordance

with MM&T Preproduction Test Procedures for Ruggedized Tactical

Fiber Optic Cable, ITT Document Identification Number 80-29-09

Revision III.

A total of five cables will be built, each consisting of six

fibers around a central member. Table 1.1-1 shows the desired

construction.

21708a 2



Table 1.1-1. Desired Cable Construction.

Cable Number Coating Central Member

1 940 Hytrel®  Polyurethane coated
Kevlar

2 940 Hytrel ®  940 Hytrel® dummy fiber

3 750 Hytrel®  750 im dummy fiber

4 500 Hytrel ®  500 Um dummy fiber

5 940 nylon 12 940 um dummy fiber

2 8
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2.0 LOW TEMPERATURE IMPACT STUDY

An intensive study of shattering of the Hytrel ® jacket during low

temperature impact testing was completed. Six "dummy" MM&T type

cables were fabricated for this study.

Three dummy MM&T cables were fabricated and jacketed to various

final diameters (0.240, 0.275, 0.310, 0.325) for low temperature

impact testing. One cable was constructed of fibers that had been

proof-tested at 150 kpsi. The second cable was constructed with

standard fibers and the jacket diameter was varied from 0.240 to

0.325 during extrusion. The third cable was constructed with

standard fibers and the final jacket extruded in two passes to

achieve jacket diameters of 0.275 and 0.325. MM&T cables 3, 5, 6,

7, 8, 10, and 12 of the confirmatory samples were tested in

accordance with the Preproduction Test Procedure for Ruggedized

Tactical Fiber Optic Cable, ITT Document Indentification Number

80-29-09, Revision III, and DOD-STD-1678, Method 2030, Procedure

I. The results of impact testing for the dummy cables and confir-

matory samples cables are recorded in Table 2.0-1.

MM&T cables 3, 5, 7, and 10, were dissected to determine the posi-

tion of the broken fibers. Only 30% of the broken fibers were in

the side position, 15% each side, whereas 40% were in the top

position and 30% were in the bottom positions. The HytrelO jacket

snattered on each of the broken fibers except one. The HytrelO

coated fibers from cables 3 and 5 were subjected to one coating

2 110 a 4
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elongation test and they all showed either low or no elongation of

the Hytrel® coating. The lack of elongation of some fiber is

because Hytrel® has an excessive crystalline structure with

Hytrel® 7246 having the highest crystallization. The extrusion

process is being monitored for this condition. The fibers are

subject to the elongation test prior to stranding. The fibers in

the cables with various diameters that failed the impact test also

failed the elongation test.

Three "dummy" MM&T type cables were fabricated using the elonga-

tion test for fibers as a criteria. One cable contained all white

fibers and the other two were color coded. This was done to see

if color coding was affecting the Hytrel® . The cables were tested

in accordance with Preproduction Test Procedure for Ruggedized

Tactical Fiber Optic Cable, ITT Document Identification Number

80-29-09, Revision III, and DOD-STD-1678, Method 2030, Procedure

I. The results of the impact testing are recorded in Table 2.0-2.

Using the elongation test for fibers as a criteria, it is evident

that the cables will pass impact test without affecting the

Hytrel® jacket.

Fibers were extruded with six temperature profiles to determine if

there is any correlation with the shattering of the Hytrel® during

low temperature impact testing. These fibers were sent to Dupont

for analyzing.

2 1708C, 7
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-i Dupont's preliminary report to ITT indicated that there was no

appreciable difference in the Hytrel ® at the six temperature pro-

files.

.4
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3.0 CABLE MANUFACTURING PROCESS, EQUIPMENT, TOOLING, AND

MEASUREMENTS

This section describes the manufacturing process, equipment, and

tooling used to manufacture the MM&T cable as well as optical

evaluation of cables.

3.1 Cable Manufacturing Process

The basic MM&T cable design is shown in Figure 3.1-1. The cable

fabrication flow chart is shown in Figure 3.1-2.

The MM&T cable optical core contains six optical fibers contrahel-

ically laid around a polyurethane coated Kevlars central member.

A jacket of polyurethane is extruded over the optical core. Then

the jacketed optical core is served with 18-Kevlar® strength mem-

" bers before a final jacket of polyurethane is applied.

3.1.1 Fiber Rewind Station

This station (Figure 3.1-2, Operation El) is used to respool and

inspect fibers in preparation for the subsequent stranding opera-

tion. The equipment consists of a rewinder, an optical lump

detector to examine the fiber buffer jacket for any nonunitormi-

ties, and a constant-tension compensating payoff to eliminate

fiber breaks.

This unit is also used to visually inspect fibers for buffer

*• jacket flaws.

*21708a 10
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3.1.2 Fiber Continuity Check Station

Before fibers are stranded into a cable bundle, continuity of each

fiber is tested and any defects or broken fibers are removed. The

unit used at this station (Figure 3.1-2, Operation E2) is an

instrument designed for detecting and locating faults in optical

fibers for measuring their length and for analyzing their trans-

mission characteristics. The instrument operates by launching a

pulse of laser light into the fiber and monitoring the amplitude

and time delay of events in the light reflected back along the

fiber.

3.1.3 KevlarO Jacketing Station

This station (Figure 3.1-2, Operation E3) is used to overcoat a

Kevlar® 49-380 denier yarn with a polyurethane jacket which is

used as the central core for the optical bundle. A 1-in extruder

is used to pressure extrude the polyurethane jacket at a rate of

76 m/min. An automatic diameter control unit is used which mea-

sures the extruded jacket diameter of the core element and regu-

lates the line speed to provide a constant diameter over the

existing cable length.

3.1.4 Respooling Station for Polyurethane Jacketed

Kevlar Central Member

The identical equipment as used for the fiber rewind operation

(paragraph 3.1.1) is employed. The capacity of this unit is ample

21708a 13



to perform both fiber rewind and center member respooling opera-

tions.

3.1.5 optical Core Stranding Station

This station is used (Figure 3.1-2, Operation E5) to strand six

optical fibers helically around the polyurethane KevlarO jacketed

center member. A high speed single twist closing unit equipped

with a 13-bay neutralizing unit is employed. The unit operates at

1800 m/h.

3.1.6 Optical Core Jacketing Station

Station E6 in Figure 3.1-2 is used to extrude the polyurethane

jacket over the optical core. The jacket is applied with a

1-1/2-in extrusion line capable of extruding the first jacket at

68 m/min.

3.1.7 KevlarO Stranding Station

Station E7 in Figure 3.1-2 is employed to strand 18 Kevlar®

strength members around the jacketed optical core. The Kevlar®

stranding machine contrahelically serves the 18 Kevlar ® strength

members around the optical core. The Kevlar® serving line is

capable of stranding KevlarD at 10 m/min.

3.1.8 Final Jacketing Station

A 2-in extrusion line (Figure 3.1-2, operation E8) is used to

extrude the final cable jacket. The extrusion line is capaole of

2 1708a 14
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extruding the final jacket at 42 m/nin which is double the rate

required for the MM&T program.

3.1.9 Final Cable Respooling Station

The cable is respooled on the Federal cable rewinder (Figure

3.1-2, operation E9) for shipping. This machine enables an

inspector to visually inspect the cable for anomalies and irregu-

larities while being spooled on the DR-5 reel.

3.2 Optical Evaluation of MM&T Cables

3.2.1 Attenuation Test

The attenuation tests are performed by the cutback method. This

procedure is described in the test report for phase 3 MM&T cables

in Appendix A. The optical attenuation of each cabled fiber is

measured at six selected wavelengths: 8,200; 8,500; 10,600;

11,000; 12,000; and 13,000 A. All the cable samples are tested to

meet the <5 dB/km attenuation requirement.

The calculation procedure followed Method 6020 of MIL-STD-1678.

The output through the fiber is measured at 0.82 Mm for injection

numerical apertures of 0.89, 0.124, 0.176, and 0.243. The attenu-

ation at each of the remaining five wavelengths was measured at an

* injected NA of 0.089. The single injection NA is selected to

*- avoid changing injection NA conditions at each wavelength thereby

eliminating input variation between the short and long length mea-

surements.

21708Q 15
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... . . . .. . . .

Once the output through the long length is measured at the speci-

fied wavelengths, the fiber is cut at a distance of 1 m from the

injection end. A new end is prepared on the output end of the

reference length and the measurement repeated for the short

length. The attenuation test setup is shown in Figure 3.2.1-1.

3.2.2 Pulse Dispersion

The MM&T cables are tested for pulse dispersion to determine if

the requirement of 2 ns/km maximum is met. The 50% (3 dB) optical

pulse dispersion of the test fiber is measured using existing

equipment (Figure 3.2.2-1) operating at 9000 A. Method 6050 of

DOD-STD-1678 is utilized.

3.2.3 Numerical Aperture (NA)

The MM&T cables are tested to determine if the NA requirement of

>0.17 is met. rhe exit NA, defined as sin /2 where # is the core

angle containing 90% of the output power of each cabled fiber, was

measured at a wavelength of 0.82 pm. The numerical aperture sta-

tion is illustrated in Figure 3.2.3-1.

217 0 8 16
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4.0 SUMMARY OF ACCOMPLISHMENTS

The objectives of the work performed during this reporting period

* were to (a) study the low temperature impact on cabled fibers, (b)

fabricate, evaluate, and ship the 12 confirmatory sample cables,

* and (c) initiate a program to study the effects of low temperature

*on various coatings of fibers.

* An intensive study of the shattering of the Hytrel® jacket during

low temperature impact testing was completed. Six dummy MM&T type

cables were fabricated for this study. A set of three dummy MM&T

type cables were fabricated and jacketed to various final diame-

* ters (0.240 in, 0.275 in, 0.310 in, 0.325 in) for low temperature

impact testing. MM&T cables 3, 5, 6, and 10 were dissected to

determine the position of the broken fibers. There were 30% of

the fibers broken on the bottom positions compared with 40% of the

fibers broken in the top position. Only 30% of the broken fioers

were in the side position, 15% each side. Another set of three

dummy MM&T type cables were fabricated using the elongation test

for fibers as a criteria. All these cables passed the low tem-

perature impact test. Fiber was sent to Dupont for analyzing of

extrusion temperature profiles to determine if there is any corre-

lation with the shattering of Hytrel ® during low temperature

impact testing. Dupont's preliminary report indicated no appre-

ciable difference.

*21708a 20
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Numerical aperture is the single most important variable affecting

low temperature loss; however, there are other variables relating

coating quality to low temperature loss. The coefficient of

expansion for the secondary coating and the glass fiber are dif-

ferent, therefore coating thickness, coating eccentricity, cooling

rate, and draw down ratio of the extruder tooling must be control-

led. Draw down ratio and cooling rate have been chosen to reduce

internal stress buildup in the secondary coating while maintaining

acceptable draw speed. Thickness and eccentricity are monitored

to assure uniformity and adherence to acceptable tolerances. When

all of these variables are balanced properly, the result is a

coating that does not introduce excessive stress on the fiber due

to contraction at low temperature. The high NA fiber is less sen-

sitive to loss due to microbending arising from stress.

All 12 confirmatory cables were optically, mechanically, and

environmentally tested and shipped to CECOM. These cables passed

all optical, mechanical, and environmental specifications except

the low temperature impact and the low temperature attenuation.

A meeting with CECOM and ITT representatives was held on Febru-

ary 19, 1982, to review the low temperature performance evaluation

of ITT Hytrel® and Nylon 11 and Nylon 12 coated fibers as well as

low temperature results achieved with the two process cables.

More time was allowed to address the low temperature attenuation

217Uea 21



* :increase. A meeting is scheduled by mid-May to discuss the

results of the effort and to reach an agreement on pilot run spec-

ifications and schedule.

"
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5.0 PERSONNEL

5.1 Key Personnel Man-Hours

The key personnel involved in the MM&T program and their hours

expended during this period are described in Table 5.1-1.

217U8a 23



Table 5.1-1. Key Personnel and Hours Expended.

Man-Hours

Name Responsibility Expended

R. Coon Program Management 190

J. Smith Senior project engineer 30

D. Taylor Cable production 210

21?08a 24



APPENDIX A

OPTICAL TEST DATA
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APPENDIX B

FUNGUS TESTING RESULTS
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AEROSPACE RESEARCH CORPORATION

TEST DATA

CUSTOMER ITT Electro-Optical Division TEST ITEM Fiber Optic Cable

TEST SPECIFICATION MIL-STD-810B, Method 508.1, Procedure I

PARAGRAPH NUMBER PART NUMBER

SERIAL NUMBER 2, 5, 7 and TAOC

TEST TITLE Fungus Test

P.O. NUMBER 34395 TEST CONDUCTED BY Gary W. Lone

TEST ROOM BAROMETRIC
DATE 8-11-81 TEMP. -84 OF TEMP. +72 OF PRESSURE 29.04 In. Ha.

Prior to start of Fungus Test the Optic Fiber samples were cleaned with isopropyl alcohol.

The samples were then placed in the Fungus Chamber and sprayed with previously prepared

and tested fungus culture. The fungus culture preparation and test were conducted in

accordance with MIL-STD-810B, Method 508.1, Procedure

The chamber was maintained at +84*F and 95 percent relative humidity ?or a period of

28 days. The test was started on August 11, 1981, and was completed on September 8,

1981.

At the end of the 28 day test the samples were visually inspected for fungus growth.

A light fungus growth was observed on all samples.

The Optic Fiber samples were returned to ITT, Electro-Optical Products Division for

a complete inspection and test evaluation.

B-2

Aerosoace Research irDr) i l n, Roanoke, 1,i.



CERTIFICATION

We certify that this test data is a true report on our Fungus Test on four Optic

Fiber samples, S/N's 2, 5, 7 and TAOC, submitted by ITT, Electro-Optical

Products Division of Roanoke, Virginia. Calibration of our instrumentation

is traceable to the National Bureau of Standards.

Respectfully submitted,

AEROSPACE RESEARCH CORPORATION

Leslie C. Rose
Vice President

Subscribed and sworn to before me this 9t h day of September , 1981.

My commission expires July 16, 1984.
/ NotaryobLi-
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AAEROSPACE RESEARCH CORPORATION

5454 JAE VALLEY RD. - ROANOKE. VIRGINIA TELEPHONE 342-2961

240!4 AREA CODE 703

August 31, 1982

ITT Electro-Optical Products Division
P.O. Box 7065
Roanoke, Virginia 24019

Attention: Mr. Don Taylor

Subject: Verification of fungus growth for tests per
MIL-STD-810B

Gentlemen:

Verification of fungus growth on the control item inoculated with the
mixed fungus spore suspension is required by method 508 of the subject

specification. If after... 4 days there is not abundant growth on the con-
trol item, the entire test must be repeated. A statement in any of the
test reports issued by this company that a fungus test was completed auto-
matically guarantees that abundant growth was observed on the control
specimen.

Please do not hesitate to contact us if you have further questions
on this.

Very truly yours,

AEROSPACE RESEARCH CORPORATION

osepr THamrick
President

JTH/jm
cc/L.C.Rose
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APPENDIX C

HUMIDITY TEST DATA
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APPENDIX D

VIBRATION TEST DATA
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AEROSPACE RESEARCH CORPORATION

TEST DATA

CUSTOMER ITT, Electro-Optical Products TEST ITEM Fiber Optic Cable (Q reel)

TEST SPECIFICATION Doc. Id. No. 80-29-09, Revision II

PARAGRAPH NUMBER 4.6 PART NUMBER___

SERIAL NUMBER # 2

TEST TITLE Vibration Test (Loose Cargo)

P.O. NUMBER 34394-01 TEST CONDUCTED BY Gary W. Long
TEST ROOM BAROMETRIC

DATE 9-26-81 TEMP. +70 OF TEMP. +70 OF PRESSURE 29.20 In. Hg.

The Loose Cargo Vibration Test was conducted in accordance with paragraph 4.6 of

Preproduction Test Procedure for Ruggedized Tactical Fiber Optic Cable Document

Identification number 80-29-09, Revision I I.

The test sample was placed in the test fixture with reel axis perpendicular to test

bed of package tester. The package tester operated at 284 r.p.m., with I inch

vertical double displacement. The sample was vibrated for 30 minutes.

The reel was then turned 180 degrees and tested for 30 minutes.

The reel was then placed in the axis parallel to the test bed and tested for 30

minutes. After 30 minutes vibration the reel was turned 180 degrees and vibrated

for 30 minutes.

At the conclusion of the 2 hour vibration test the sample was inspected for evidence

of visible physical damage and none was observed.

Remarks: The reel of Fiber Optic Cable was returned to ITT for complete

inspection and test evaluation.

D-9

4 er~~os c 'se~r:h .rporaItio . Roanoke, ia.



AEROSPACE RESEARCH CORPORATION

TEST DATA

i CUSTOMER ITT, Electro-Optical Products TEST ITEM Fv . Optic Cable (1 reel)

TEST SPECIFICATION Doc. Id No. 80-29-09, Revision II

PARAGRAPH NUMBER 4.6 PART NUMBER

SERIAL NUMBER # 2

, TEST TITLE Vibration Test (Secured Cargo)

" P.O. NUMBER 34395-01 TEST CONDUCTED BY S. D. Bernard

TEST ROOM BAROMETRIC
DATE 9-25-81 TEMP. +78 OF TEMP. +78 *F PRESSURE 29.33 In. Mo.

The Secured Cargo Vibration Test was conducted in accordance with Preproduction

Test Procedure for Ruggedized Tactical Fiber Optic Cable Document Identification

number 80-29-09, Revision II.

* The test sample was mounted on the vibration exciter and subjected to the following

secured cargo vibration test in the lateral and longitudinal axes. The vibration

time was 84 minutes per axis. The sweep time from 6 to 200 to 6 Hz was 12 minutes.

Frequency, Hz G level

6-200 1.5

At the conclusion of the vibration test the sample was inspected for evidence of

visible physical damage and none was observed.

D- 10

4eresoace Reeac orqoration, Roanoke. Va.
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CERTIFICATION

We certify that this test data is a true report of our Vibration Tests (Secured Cargo,

and Loose Cargo) on one reel of Fiber Optic Cable, submitted by ITT, Electro-Optical

Products Division, Roanoke, Virginia. Calibration of our instrumentation is trace-

able to the National Bureau of Standards.

Respectfully submitted,

AEROSPACE RESEARCH CORPORATION

Leslie C. Rose
Vice President

Subscribed and sworn to before me this 29th day of September , 1981.

- N~t/ ,J' ,lnUMy commission expires July 16, 1984.Notarrti~blic

D-I



AEROSPACE RESEARCH CORPORATION

TEST DATA

CUSTOMER ITT, Electro-Optical Products TEST ITEM Fiber Optic Cable (1 reel)

TEST SPECIFICATION Doc. Id No. 80-29-09. Revision II

PARAGRAPH NUMBER 4.6 PART NUMBER

SERIAL NUMBER #6and #7

TEST TITLE Vibration Test (Secured Cargo)

P.O. NUMBER 34395-01 TEST CONDUCTED BY Henry Messenger

TEST ROOM BAROMETRIC
DATE 9-21-81 TEMP. +70 'F TEMP. +70 OF PRESSURE 29.03 i.- q.

The Secured Cargo Vibration Test was conducted in accordance with Preproduction

Test Procedure for Ruggedized Tactical Fiber Optic Cable Document Identification

number 80-29-09, Revision II.

* The test sample was mounted on the vibration exciter and subjected to the following

secured cargo vibration test in the lateral and longitudinal axes. The vibration

time was 84 minutes per axis. The sweep time from 6 to 200 to 6 Hz was 12 minutes.

Frequency, Hz G level

6-200 1.5

At the conclusion of the vibration test the sample was inspected for evidence of

visible physical damage and none was observed.

,.

D- 12
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AEROSPACE RESEARCH CORPORATION

TEST DATA

CUSTOMER ITT, Electro-Optical Products TEST ITEM Fiber Optic Cable (I reel)

TEST SPECIFICATION Doc. Id. No. 80-29-09, Revision I

-.5 PARAGRAPH NUMBER 4.6 PART NUMBER

SERIAL NUMBER #6 and #7

TEST TITLE Vibration Test (Loose Cargo)

P.O. NUMBER 34395-01 TEST CONDUCTED BY Gary W. Long

TEST ROOM BAROMETRIC
DATE 9-22-81 TEMP. -70 OF TEMP. -70 OF PRESSURE 29.00 1n ng.

The Loose Cargo Vibration Test was conducted in accordance with paragraph 4.6 of

Preproduction Test Procedure for Ruggedized Tactical Fiber Optic Cable Document

Identification number 80-29-09, Revision I I.

The test sample was placed in the test fixture with reel axis perpendicular to test

bed of package tester. The package tester operated at 284 r.p.m., with I inch

vertical double displacement. The sample was vibrated for 30 minutes.

The reel was then turned 180 degrees and tested for 30 minutes.

The reel was then placed in the axis parallel to t .e test bed and tested for 30

minutes. After 30 minutes vibration the reel was turned 180 degrees and vibrated

for 30 minutes.

At the conclusion of the 2 hour vibration test the sample was inspected for evidence

of visible physical damage and none was observed.

Remarks: The reel of Fiber Optic Cable was returned to ITT for complete

inspection and test evaluation.

4
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CERTIFICATION

We certify that this test data is a true report of our Vibration Tests (Secured Cargo

and Loose Cargo) on two reels of Fiber Optic Cable, S/N's 6 and 7, submitted by

ITT, Electro-Optical Products Division, Roanoke, Va. Calibration of our instru-

mentation is traceable to the National Bureau of Standards.

Respectfully submitted,

AEROSPACE RESEARCH CORPORATION

Leslie C. Rose

Vice President

Subscribed and sworn to before me this 22nd day of September , 1981.

'~~~' ~My commission expires July 16, 1984.C/ NotaryDlic1

0-1



AEROSPACE RESEARCH CORPORATION

TEST DATA

CUSTOMER ITT, Electro-Optical Products TEST ITEM Fiber Optic Cable (I reel)

TEST SPECIFICATION Doc. Id. No. 80-29-09, Revision [I

PARAGRAPH NUMBER 4.6 PART NUMBER

SERIAL NUMBER #8

TEST TITLE Vibration Test (Loose Cargo)

P.O. NUMBER 34395 TEST CONDUCTED BY Gary W. Long

TEST ROOM BAROMETRIC
DATE 9-17-81 TEMP. +75 OF TEMP. -75 OF PRESSURE 29.03 In. g.

The Loose Cargo Vibration Test was conducted in accordance with paragraph 4.6 of

Preproduction Test Procedure for Ruggedized Tactical Fiber Optic Cable Document

Identification number 80-29-09, Revision I I.

* The test sample was placed in the test fixture with reel axis perpendicular to test

bed of package tester. The package tester operated at 284. r.p.m., with 1 inch

vertical double displacement. The sample was vibrated for 30 minutes.

The reel was then turned 180 degrees and tested for 30 minutes.

The reel was then placed in the axis parallel to the test bed and tested for 30

minutes. After 30 minutes vibration the reel was turned 180 degrees and vibrated

for 30 minutes.

At the conclusion of the 2 hour vibration test the sample was inspected for evidence

of visible physical damage and none was observed.

,4 .Remarks: The reel of Fiber Optic Cable was returned to ITT for complete

inspection and test evaluation.

D-15

Aerospace Re.search ">rporati . Roanoke, ia.



,-- -. -, - _

AEROSPACE RESEARCH CORPORATION

TEST DATA

CUSTOMER ITT. Electro-Optical Products TEST ITEM Fiber Optic Cable (I reel)

TEST SPECIFICATION Doc. Id No. 80-29-09, Revision II

PARAGRAPH NUMBER 4.6 PART NUMBER

SERIAL NUMBER #8

TEST TITLE Vibration Test (Secured Cargo)

P.O. NUMBER 34395 TEST CONDUCTED BY S.D. Bernard

TEST ROOM BAROMETRIC
DATE 9-16-81 TEMP. -79 *F TEMP. +79 'F PRESSURE 28.93 In. Hq.

The Secured Cargo Vibration Test was conducted in accordance with Preproduction

- Test Procedure for Ruggedized Tactical Fiber Optic Cable Document Identification

number 80-29-09, Revision II.

The test sample was mounted on the vibration exciter and subjected to the following

secured cargo vibration test in the lateral and longitudinal axes. The vibration

time was 84 minutes per axis. The sweep time from 6 to 200 to 6 Hz was 12 minutes.

Frequency, Hz G level

6 - 200 1.5

,* At the conclusion of the vibration test the sample was inspected for evidence of

-* visible physical damage and none was observed.

.4
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CERTIFICATION

We certify that this test data is a true report on our Vibration Tests (Secured Cargo,

and Loose Cargo) on one reel Fiber Optic Cable, submitted by ITT, Electro-Optical

Products Division, Roanoke, Virginia. Calibration of our instrumentation is trace-

able to the National Bureau of Standards.

Respectfully submitted,

AEROSPACE RESEARCH CORPORATION

Leslie C. Rose

Vice President

Subscribed and sworn to before me this 18th day of September , 1981.

d(V-- ;.,4 ',L My commission expires July 16, 1984.
-/ NotarytZJ7-ic
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APPENDIX E

TEMPERATURE SHOCK TEST DATA
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APPENDIX F

FINISHED CABLE TEST DATA
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11-3.1 TENSILE LOAD

Cable 071881-4C-1 #3

Sample Length m

Gage Length 6 m Specification

Starting Tensile Load(t=0) 410 lbf 400 ri

(1 lbf = 4.448 N) 1823 N 1780 min

Adjustments During Test

Approximate Time Initial Load Adjusted Load
s lbf lbF

15 380 400

*45 395 410

Finished Tensile Load (t=60s) 410 ibf
Post Test Continuity 1823 

Number of Continuous Fibers Specification

6 6

Remarks: *Adjusted prematurely

Observed by Tom Armstrong

Gage calibrated 9/3/81

Pass x Fail

Operator B. Faris

Date 9/17-81

F-3



I,

11-3.1 TENSILE LOAD

Cable 072081-4C-1

Sample Length m
Gage Length 7.2 (3.6 x 2) m Specification

820/2
Starting Tensile Load(t=O) = 410 lbf 400 min

(i lbf = 4.448 N) 1823 N 1780 min

Adjustnents During Test

Approximate Time Initial Load Adjusted Load
s lbf Ibf

15 380 410

50 380 405

Finished Tensile Load (t=60s) 402 lbf
Post Test Continuity 1788 N

Number of Continuous Fibers Specification

•6 6

4

Remarks:

Observed by Mike Bowman

Gage Chatillon Model WT-10, serial 4389(ITT 7817908)

Pass X Fail

Operator R. Faris

Date 8-26-81

F-4



* Cable #7

11-3.1 TENSILE LOAD

Cable 072081-4C-2

Sample Length______________ M

Gage Length 7.36 (3.68 x 2) rn Specification

Starting Tensile Load(t=0) 425 lb f 400 min

(1 lb f =4.448 N) ___________N 1780 min

Adjustments During Test

Approximate Time Initial Load Adjusted Load
s lbf lb-F

10 850

Finished Tensile Load (t=60s) 370_________ ib;p
Post Test Continuity________ N

Number of 6otnosFbr jSpecification]

Remarks:

Pass x Fail ___

Operator ;Theatley Khaunahlawn

Date 10-16-81

F-5
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APPENDIX G

TEMPERATURE CYCLING DATA
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